In recent years a number of portable instruments have been built for measuring the 10 optically stimulated luminescence (OSL) signal from naturally occurring minerals. Some of 11 these instruments have incorporated ionising radiation sources, giving the possibility of 12 determining an equivalent dose (D e ), but little use has been made of these. One challenge 13 has been that heating samples in this type of equipment is a major engineering challenge, 14 yet methods for D e determination use thermal pretreatments to remove charge from 15 unstable traps, making signals arising from irradiation in nature and the laboratory 16 comparable. This paper explores three strategies for obtaining accurate estimates of the D e 17 of samples in situations where thermal treatments are not possible: (1) deriving a correction 18 factor based on comparing D e values obtained using protocols with and without heating; (2) 19 removing the contribution from the 110°C TL peak and other unstable defects by 20 component fitting the unheated OSL signal; and (3) adding a small beta dose to the sample 21 prior to measurement of the natural luminescence signal so that the 110°C TL peak is filled, 22 making this measurement comparable with regeneration measurements where this peak is 23 also populated. All three methods are promising when applied to quartz that has been 24 physically separated from samples using standard laboratory procedures. The next step in 1. Introduction 20 In recent years, there has been increasing interest in the development and use of portable 21 luminescence systems to assess unprepared sediment samples, particularly for deployment 22 at (or at least near) field sites (e.g. Poolton potentially obtain an estimate of equivalent dose. A critical consideration for any such 27 portable luminescence system is whether or not they should incorporate a facility for 28 heating sediment samples; some of the portable systems do, and others do not. Thermal critical part of most measurement protocols in the laboratory, helping to remove thermally-1 unstable charge after irradiation, and enhancing initial OSL signal (Spooner, 1994) . The 2 ability to heat samples within a portable or field instrument could potentially be similarly 3 advantageous in some situations, however the lack of ability to heat need not necessarily be the known value could be obtained for quartz without heating, by either i) delaying 6 measurements of laboratory-given radiation doses by > 10 ks to allow unstable shallow 7 traps to empty, or by ii) curve deconvolution to isolate a stable OSL signal. In practice, 8 heating within portable systems presents complex challenges which must be overcome. 9 These challenges include issues ranging from the physical presentation of samples to/within 10 the instrument, and extend through to meeting the power demands of an instrument within 11 a field-based setting. Challenges are also posed by heating of 'wet' untreated field 12 sediments, and include the potential for condensation within the instrument itself which 13 could impede measurements and cause damage within the instrument, aside from posing 14 issues for the reproducibility of heating of the sediments.
15
This paper explores different approaches to obtaining chronologically-valuable information 16 in situations where irradiation is possible but without the use of any heating during the 17 measurement procedures employed. For simplicity, the study is conducted using coarse- 18 grained quartz, as this is a mineral for which much is known about the basic luminescence 19 characteristics, such as the source of the OSL signal, the trap-depth ('E') and frequency 20 factor ('s') values for a number of defects giving rise to TL peaks, and the mechanism of 21 luminescence production (Preusser et al. 2009 glass filter. In this paper, the term 'heated aliquots' is used to describe aliquots preheated to 7 220˚C at a rate of 5˚C/s and held for 10s prior to the measurement of the Natural signal (L n ) 8 or the signal from a regenerative dose (L x ), and a preheat of 160˚C/10s prior to 9 measurement of the test dose (T x ), with all OSL stimulations conducted at a temperature of 10 125˚C for 40s. Where 'unheated aliquots' are described, aliquots have not received any 11 thermal pretreatment, and measurement of the OSL signals is conducted for 40s at room 12 temperature. All measurement sequences used in this study are 'run one at a time ', 13 meaning that the timing between different steps in any experiment will be the same for 14 each aliquot. The materials used for measurement are coarse-grained quartz (spanning a 15 narrow 20-30 µm range within a broad sand-sized fraction of 125-250 µm diameter grains), 16 extracted from a range of samples. Samples were prepared using hydrochloric acid (10% v.v.
17
HCl) to remove carbonates, followed by hydrogen peroxide (20 vols. H 2 O 2 ) to remove 18 organics, then density separated using sodium polytungstate to remove heavy minerals 19 (>2.70 g/cm 3 ) and isolate a quartz-rich fraction (2.62-2.70 g/cm 3 ), which was then etched for 20 40 mins using 40% hydrofluoric acid (HF) followed by 40 mins of 37% HCl to remove 21 insoluble fluorides, and finally re-sieved to remove any remaining small feldspar grains. typically used to remove thermally-unstable charge following laboratory irradiation, and 5 they can also enhance the initial OSL signal being measured (Spooner, 1994) . The impact of 6 thermal treatments is illustrated in Figure 1a for two aliquots of coarse-grained quartz In conventional quartz OSL measurement protocols, thermal treatments are applied both 5 prior to the measurement of quartz OSL signals to remove any unstable charge (termed 6 'preheating'), and also during optical stimulation to keep the unstable 110 ˚C TL trap empty.
7
For unheated quartz, it is highly likely that the 110˚C TL trap plays a role in the OSL signal, 8 and may account for at least some of the difference in decay curve shape between the 9 Natural and regenerative dose decay curves for unheated quartz discussed previously for (Fig. 3) . 4 The same level of depletion can be achieved at 40°C after ~3100 s, at 60°C after less than 5 500 s, and less than 100 s at 80°C (Fig. 3 ). Thus if a portable system was capable of heating a 6 sample to even moderate temperatures such as these then storage to remove the 110°C TL 7 peak becomes feasible. 8 However, assuming that no heating is available, it is possible to look at the changing 9 influence of the 110 ˚C trap over time by examining the change in the unheated OSL signal 10 derived from laboratory regenerative doses measured after different periods of time delay 11 following irradiation (Fig. 4) . The same single aliquot of sample 105/KB-15 was used for this 12 experiment as for the previous one, which included gentle heating. The aliquot had been The most obvious change to the OSL signal as the period between irradiation and OSL 1 measurement decreases, is the increase in a slowly decaying component that is particularly 2 obvious after ~5 s optical stimulation (Fig. 4) . This is similar to previous observations made 3 by others (e.g. Wintle and Murray 1997) . What is less obvious from Fig. 4 , however, is that 4 the intensity of the initial OSL signal also decreases as the delay between irradiation and OSL 5 measurement increases (Fig. 4) . The change in the raw OSL signal (i.e. no background irradiation and OSL measurement (Fig. 5) . Over the 169 ks of this experiment the signal 11 drops by 38%, demonstrating that a large proportion of this unheated OSL signal is not 12 stable over time, hence making it unsuitable for dating. 13 The OSL signals observed in Fig. 4 that behaves similarly to the raw initial signal data from the first channel (Fig. 5) . Using an 20 early background subtraction (i.e. the first channel minus the signal at less than 2 s of the 21 stimulation time) gives a signal that drops more slowly, but after 169 ks has dropped by 22 33%, not dissimilar to the raw OSL signal (38%). A slightly later-early background (i.e. the 23 first channel minus the signal at 7.5s into the 100 s stimulation) gives a signal that has only 24 M A N U S C R I P T
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10 decreased by 22% (Fig. 5) (Fig. 5) , giving a pattern reminiscent of the data 5 from the raw OSL signal using a simple background correction (Fig. 5) , and suggesting that 6 this first component is also not stable over time. However, the trapped charge population computationally rather cumbersome on a regular basis, unless semi-automated) as a means 13 of isolating a potentially stable signal which gives data commensurate with that derived 14 from heated OSL signals from quartz. could be difficult to achieve in a field-portable instrument for the reasons outlined in the 1 introduction, and 2) by component fitting to extract a signal equivalent to the stable 'Fast' 2 OSL component, which is rather complicated. 3 An alternative, and potentially simpler approach, may be to try to make the charge 4 distribution of the Natural OSL signal (L n ) mimic that of the signal from a laboratory dose 5 (L x ). This may potentially be achieved by adding a known small radiation dose prior to 6 measuring the Natural signal to try to populate the 110 ˚C trap. To that end, fresh quartz 7 aliquots of sample 72WD50-5 were prepared and given a beta dose that varied from 0-20 8
Gy; the value of D e plus the added dose (Gy) was determined using an unheated or heated 9 SAR protocol, as appropriate, and the D e could then be calculated by subtracting the value 10 of the added dose in Gy (Fig. 7) . This experiment suggests that a dose of 10 Gy added to the 11 sample prior to any measurement is sufficient to yield a D e value from unheated quartz 12 using a basic integrated OSL signal with late-background subtraction that is equivalent to 13 the D e calculated from heated quartz (Fig. 5) . This approach offers a relatively 14 straightforward and simple approach to the potential D e underestimate that would 15 otherwise be achieved using the unheated OSL signal from quartz. The key question explored in this paper is whether it is possible to obtain chronologically- Wynne is thanked for sample preparation and data collection. We thank the reviewers for 9 their helpful comments on this work. 
